A new procedure for the stereoselective synthesis of cross-conjugated dienones is reported. This method makes use of the Diels-Alder adduct of anthracene and dimethyl fumarate, a precursor to a spirocyclopent-2-enone anthracene adduct as the key intermediate. The addition of propyllithium or octyllithium to the key intermediate followed by a retro-Diels-Alder reaction furnished α-methylenecyclopentenones bearing a γ-propyl or γ-octyl side chain, respectively, in moderate yields and as single geometric isomers. 
Introduction
Cyclopentenones are important precursors in the synthesis of a large number of bioactive natural products such as the prostanoids, including, clavulone I and clavulone II, 1 marine natural products exhibiting strong cytotoxicity, and TEI-9826, 2 an antitumour agent in preclinical trials. Many strategies have been developed to synthesise this class of compounds including the Nazarov cyclisation, metal-catalysed cyclisations, 5 and Diels-Alder/retro-Diels-Alder reactions using anthracene. 6 Among these, the synthesis of the cyclopentenone ring system, particularly with control of relative and absolute stereochemistry, is highly desirable. There have been a number of reports on the use of 9-substituted chiral anthracene templates to generate enantiomerically pure building blocks with highly diastereo-and regioselective reactions. [7] [8] [9] However, a drawback of this strategy remains the preparation of the chiral auxiliary via asymmetric synthesis. 10 Thus, we were interested in Thebtaranonth's anthracene template-Diels-Alder/reto-Diels-Alder protocol 6 to prepare -methylenecyclopentenones in a diastereoselective fashion. Herein, we report a stereoselective synthesis of two -methylenecyclopentenones A (R = propyl or octyl) via a spiro-cyclopent-2-enone anthracene template B using a retro-Diels-Alder reaction as the final step (Scheme 1). 
Results and discussion
To investigate our proposed synthesis the known dimethyl fumarate-anthracene adduct 3a
was prepared by a Diels-Alder reaction of anthracene and dimethyl fumarate which gave racemic trans -9,10-dihydro-9,10-ethanoanthracene-11,12-dimethyl ester (3a) in 78% yield (Scheme 2). The cis-isomer of 3a was also detected as a minor component in large scale
reactions. The structure of the trans-isomer was confirmed based on a comparison of its spectroscopic data with those in the literature. 11 Reduction of the adduct 3a using LiAlH 4 led to the diol 4 in quantitative yield. The diol 4 was converted to its monoacetate 5 and the unprotected hydroxyl group was oxidized to the carboxylic acid 6 in 91% yield (Scheme 2).
Treatment of 6 under esterification conditions with methanol in the present of H 2 SO 4 gave the hydroxy-methyl ester 7a. Re-protection the hydroxyl group of this compound by treatment with tert-butyldimethylsilylchloride/imidazole gave the silyl ether 7b in 89% from 6 (Scheme 2). An alternative route to 7b was alkaline hydrolysis of 3a with KOH/MeOH to afford the monoacid 3b in 46% yield. 12 Reduction of 3b with NaBH 4 /I 2 13 gave alcohol 7a, however, in low yield (15%) together with various unidentified products. This was probably due to reduction of both the carboxylic acid and ester groups. Protection of the hydroxyl group in 7a
with tert-butyldimethylsilyltriflate/2,6-lutidine provided silyl ether 7b in 96% yield (Scheme 2). To complete the cyclopentenone synthesis, allylation of the methyl ester 7b was undertaken by treatment with LDA/allyl bromide in THF at 78 o C which afforded the allyl-methyl ester 8a in 84% yield (dr 11:1). The annulation reaction of 8a, involving the intramolecular acylation of the allylic anion generated using LDA/TMEDA, 6 afforded the spirocyclopentenone anthracene adduct 9a in 37% yield together with the -enaminone 10a in 14 % yield (Scheme 3). Attempts to increase the yield of 9a by using an excess of LDA were unsuccessful, often resulting in formation of the -enaminone 10a and starting material 8a.
The structure of spiro-ketone 9a was confirmed by NMR spectroscopic analysis and from a comparison of its spectroscopic data with those of the previously prepared 9b (Scheme 3). 14 The structure of the -enaminone 10a was supported by its NMR data which indicated the absence of methoxy protons and the presence of one N-isopropyl group, which was characterized by the nonequivalent methyl groups (1.17 and 1.18 ppm, each a doublet with J = 6.3 Hz) which showed vicinal coupling to the methine proton at  3.60. In addition, the 1 H NMR spectrum showed a 3H singlet at  Transformation of ketone 9a to the -hydroxyenone 11 was readily achieved by epoxidation followed by base-catalysed ring opening using Et 3 N to afford 11 in 95% yield (dr 2. had been added from the more hindered face of the ketone carbonyl group of 11.
Upon heating of solutions of 13a and 13b in 1,2-dichlorobenzene at 180 o C they underwent a retro-Diels Alder reaction 9 to afford the highly functionalized cyclopentenones 14a and 14b, respectively in poor yields (8-11%) and as single geometric isomers. While NMR experiments could not confirm the configuration of the exocyclic double bond in 14a or 14b, the geometry shown for these compounds in Scheme 4 is that expected based on the established relative configuration of the starting compounds 13a and 13b. 
Conclusions
In summary, we have developed a procedure which allows for the stereoselective synthesis of 4,4,5-trisubstituted cyclopent-2-enones bearing a α-methylene side chain via a DielsAlder/retro-Diels-Alder process starting from anthracene. This methodology may in the future provide an efficient route for the synthesis of prostanoid natural products without having to overcome stereoselectivity issues.
Experimental

General
Melting points were determined on a Stuart Scientific SMP 2 melting point apparatus and are uncorrected. Infrared spectra were recorded as CH 2 Cl 2 -films with a Perkin Elmer Spectrum GX FT-IR spectrophotometer. 1 H-and 13 C-NMR spectra were recorded in (D) chloroform solutions at 300 MHz for 1 H and 75 MHz for 13 C with a Bruker AVANCE 300 spectrometer.
Tetramethylsilane was used as the internal standard. Mass spectra were recorded on a POLARIS Q or HEWLETT PACKARD 5973 mass spectrometer.
9,10-Dihydro-9,10-ethanoanthracene-11,12-dimethyl ester (3a)
A mixture of anthracene (2.00 g, 11. 4.6 11-Acetoxy-9,10-dihydro-9,10-ethanoanthracene-12-acetic acid (6) A solution of the alcohol 5 (0.22 g, 0.71 mmol) in acetone (6 mL) was treated with Jones reagent 18 (4 mL) at 0 C until TLC analysis showed the reaction was complete (ca. 1h).
Isopropanol (0.6 mL) was added slowly dropwise to destroy excess reagent and the mixture was stirred for another 5-10 min until the colour of the solution changed from red to green. washed with 3 M NaOH (3 × 10 mL) and brine, then dried (Na 2 SO 4 ), filtered and concentrated under reduced pressure to give alcohol 7a (69 mg, 15%) as a yellow oil.
Method B
To a solution of 6 (2.34 g, 7.27 mmol) in methanol (14 mL) was added dropwise conc.
H 2 SO 4 (1 mL). The mixture was stirred at rt for 12 h. The reaction mixture was quenched with water and extracted with CH 2 Cl 2 (3 × 20 mL). The combined extracts were dried (Na 2 SO 4 ), filtered and concentrated to give 7a (1.82 g, 85%) as a yellow oil. 
11-(tert-Butyl-dimethyl-silanyloxy)methyl-9,10-dihydro-9,10-ethanoanthracene-12-(2-propenyl)-12-methyl ester (8a)
Butyllithium (2.79 mL, 2.79 mmol, 1.0 M in hexane) was added dropwise to a stirred solution of diisopropylamine (0.47 mL, 3.35 mmol) in THF (4 mL) at 78 C, and the mixture was then stirred at 0 C for 1 h. HMPA (0.61 mL) was then added at 78 C, followed by a solution of 7b (0.95 g, 2.33 mmol) in THF (4 mL) and stirring was continued for 3 h at 0 C.
The solution was cooled to 78 C and allylbromide (0.303 ml, 3.50 mmol) was added to the reaction mixture which was left stirring at 0 C for 30 min. 
Cyclization of 8a
Butyllithium (1.55 mL, 1.55 mmol, 1.0 M in hexane) was added dropwise to a stirred solution of diisopropylamine (0.25 mL, 1.76 mmol) in THF (2 mL) at 78 C, and stirring was continued at 0 C for 1 h. TMEDA (0.86 mL) was added at 78 C, followed by allyl adduct 
(S,Z)-5-((tert-Butyl-dimethyl-silanyloxy)ethylidene)-4-hydroxy-4-propylcyclopent-
2-enone (14a)
A solution of 13a (50 mg, 0.092 mmol) in dry 1,2-dichlorobenzene (1 mL) was stirred in a sealed tube at 180 C for 4 h. The crude product was purified by column chromatography (silica gel, hexane) and then thin layer chromatrography 
